Glutamine efflux from astrocytes is mediated by multiple pathways.
The neurotransmitter glutamate, once released into the synaptic cleft, is largely recycled by the glutamate-glutamine cycle, which involves uptake into astrocytes, conversion into glutamine and subsequent release of glutamine from astrocytes as a precursor for neuroneal glutamate synthesis. We analysed glutamine efflux from cultured astrocytes by pre-loading cells with labelled glutamine for 30 min and subsequently measured glutamine efflux for 30 min. Efflux of pre-loaded glutamine was rapid and almost complete after 30 min with a first order rate of 0.11 +/- 0.01/min. Efflux was 50% reduced when cells were depleted of intracellular Na+. Increasing intracellular Na+ concentration had a small stimulatory effect on glutamine efflux, indicating the participation of a Na+-dependent transport mechanism. About 50% of the basal efflux could not be inhibited by depletion of the intracellular Na+, suggesting the presence of an additional Na+-independent transport mechanism. Glutamine efflux was stimulated two- to threefold by addition of extracellular neutral amino acids, such as alanine or leucine. The stimulatory effects of alanine and leucine had a Na+-dependent and a Na+-independent component, suggesting the presence of two antiport mechanisms one involving Na+. When compared to the expression of glutamine transporter mRNAs in cultured astrocytes it appeared likely that glutamine efflux was mediated by SN1, LAT2, ASCT2 and an additional, yet unidentified, transporter that mediates about 40% of the basal efflux.